Control experiment for biologically supported abiotic pyrite formation. To test for abiotic pyrite formation mediated unspecifically by cell surfaces or other cell constituents, we incubated anoxic freshwater medium supplemented with 5 mM FeS and 6 mM H 2 S with mixtures of alive and dead cells of microorganisms isolated from culture J5. To do so, a Desulfovibrio spp, a highly enriched Desulfomicrobium spp., and a Methanospirillum spp. were isolated from culture J5 using either DSM medium 641, the described freshwater medium supplemented with 10 mM sulfate and 10 mM L-lactate, or the described freshwater medium supplemented with 2 mM Acetate and a H 2 /CO 2 (79%/21%) atmosphere, respectively. The three microbial species showed 99.87%, 99.85%, and 100% 16S rRNA gene identity to bacterial OTU 2, bacterial OTU 3, and archaeal OTU1 obtained from culture J5, respectively.
addition to the freshwater medium supplemented with 5 mM FeS and 6 mM H 2 S. Incubations with autoclaved cells were running for 30 days as well. In a third setup, the Methanospirillum spp. was mixed with washed cells of Escherichia coli strain XL-1 Blue (Agilent, USA) in a ratio of 1:1 yielding 2•10 8 cells mL -1 . Incubations were performed as stated above for 28 days. All treatments as well as a parallel incubation of culture J5 were performed in biological triplicates and analyzed using SEM-EDX measurements, Mössbauer spectroscopy, and methane measurements. To counterbalance the effect of shorter incubation times as compared to the normal growth period of culture J5, we used a 10-to 100-fold higher density of alive or dead cells in the supplied mixtures to test for abiotic pyrite formation.
Cell counts by fluorescence microscopy. For cell counts, 0.5 mL culture was fixed overnight in 9.5 mL freshly prepared paraformaldehyde solution (4%), subsequently centrifuged at 10,000 ⨯g for 10 min at 4°C and re-suspended in 1 mL PBS [130 mM NaCl, 5% (v/v) phosphate buffer (40 mM NaH 2 PO 4 , 160 mM Na 2 HPO 4 ), pH 7.2] and 9 mL ammonium oxalate solution (5.6 g ammonium-oxalate and 4.2 g oxalic acid dihydrate in 200 mL distilled water).
Samples were vortexed for 10 min to dissolve most of the iron sulfide minerals so that cells could be collected on a 0.2 µm pore size filter (GTTP-white, Millipore). Filters were air-dried and stored at -20°C. Filter sections were stained with a 1 µg mL -1 4',6-diamidino-2phenylindole (DAPI) solution and incubated for 10 min in the dark. Thereafter, filters were washed for 5 min in distilled water, followed by two 1-min washing steps in 80% ethanol. Dry DAPI-stained filters were mounted on microscope slides using CitiFluor™ AF1. For fluorescence microscopy, an inverted microscope (AxioObserver, Zeiss) with a 40x/0.60 LD-PlanNeofluar objective was used. Z-stacks were acquired with a distance of 0.28 µm. Image processing involved 3-dimensional deconvolution of each stack using a theoretical PSF with ZEN Black (Zeiss AG). Cells were counted using an image processing workflow set up in KNIME 3.4.0 (2) using orthogonal projections of the de-convoluted input stacks. The workflow is available at https://github.com/bic-kn/cell-counting-workflow.
DNA extraction. The DNA extraction protocol was adopted from (3). A 4.5-month old 50-mL culture was harvested after CH 4 concentrations reached a plateau of 2.1% in the headspace (corresponding to 55 µmol produced CH 4 ). Harvesting was done by 10 min of centrifugation at 6,000 ⨯g. The pellet was re-suspended in 400 μL autoclaved TE-Buffer (10 mM Tris & 1 mM EDTA in MQ water, pH 8) and stored for three hours at -20°C. Cells were thawed on ice, mixed with heat-sterilized zirconium beads (0.1 mm), 600 μL phenol/chloroform/isoamylalcohol (25:24:1, Carl Roth), and 150 µL of a 10% sterile-filtered SDS-solution in a screw-cap tube, and vigorously shaken for 20 min using a vortexer. After centrifugation for 20 min at 20,817 ⨯g and 4°C, the aqueous supernatant was transferred to a new reaction tube. Because the aqueous phase was hardly visible due to remaining iron sulfide minerals, another 10-minute centrifugation step was used to remove residual phenol from the extract. DNA was precipitated by incubation at -20°C overnight in 0.1 volume of 3 M Na-acetate (in MQ-water, autoclaved) and 2.5 volumes absolute ethanol. Afterwards, the pellet was washed twice with 70% ethanol, dried for 5 min, and re-suspended in 50 μL DNase-and RNAse-free H 2 O. DNA concentrations were quantified fluorimetrically using Quant-iT PicoGreen (Invitrogen).
16S rRNA gene clone library. Amplification of bacterial 16S rRNA genes was performed with
Bact8f (5'-AGA GTT TGA TYM TGG CTC-3') as forward primer (4) and 1492r (5'-N TAC CTT GTT ACG ACT-3') as reverse primer (5) . Archaeal species were targeted by AR109F (5'-ACK GCT CAG TAA CAC GT-3') as forward (6) and AR915 (3'-GTG CTC CCC CGC CAA TTC CT-3') as reverse primer (7) . The PCR mixture contained 0.2 mM of each dNTP, 2 mM MgCL 2 , 20 µg BSA, 1 U of Taq DNA polymerase, and a Taq polymerase buffer with KCl (ThermoFisher Scientific). The PCR was performed using an initial denaturation at 95°C for 5 min; 30 cycles of 95°C for 30 s, 50°C for 30 s, 72°C for 1.5 min; and a final elongation at 72°C for 7 min. Supporting Tables   Table S1. Overview of inocula used to establish initial pyrite-forming enrichment cultures. 
